The exposure of dentin to the oral environment leads to dentinal sensitivity, the treatment of which exposes the substrate to various substances that can alter its interaction with adhesive restorative materials. The objective of this study was to analyze whether the prior use of desensitizing agents interferes with the bond strength of resin restorative materials. A total of 48 molars were divided into six groups, according to conventional application (CV) of the adhesive systems Scotchbond Multipurpose (SB) and Clearfil SE Bond (CF) and their association with bioglass (BG/Biosilicate®) or arginine (AR/Sensitive Pro-Relief/TM). Bond strength was assessed by a microshear mechanical test, using a composite resin as restorative material (Filtek Z350 XT). Mechanical testing was performed at a speed of 0.5 mm/min in a universal testing machine, and the data were submitted to two-way ANOVA and Tukey's test (α = 0.05). The bond strength (MPa) was 17.03 for SBCV; 21.19 for SBAR; 26.24 for SBBG; 21.37 for CFCV; 27.09 for CFAR and 29.51 for CFBG group. A significant increase in bond strength (p <0.05) was observed when Biosilicate® was used prior to the conventional and self-etching adhesive systems. Fracture pattern analysis by means of optical microscopy showed a predominance of mixed type fractures, with the exception of the CFCV group, where adhesive fractures predominated. It is concluded that arginine did not interfere with the bond strength with dentin, while the use of Biosilicate® tended to strengthen the bond between dentin and the adhesive systems used.
Background
Dentinal hypersensitivity is characterized by pain arising from exposed dentin in response to an external stimulus that can have a thermal, tactile, osmotic or chemical origin, where it is not explained by other forms of dental defect or pathology [1] . It is a relatively common situation in clinical practice and affects areas with gingival recession or enamel loss and can occur naturally with age, but it is typically associated with brushing and periodontal disease [2] .
For hypersensitivity to occur, the exposed dentin must have at least two hyperconductive characteristics, open tubules on the dentin surface and that lead to vital pulp [3, 4] . In these conditions, sensitivity can be explained by the hydrodynamic theory, suggesting that external stimuli promote the movement of dentinal fluid in the tubules, altering the pressure along the dentin tissue, stimulating nerve fibers and causing pain by the slight physical displacement of odontoblasts or pre-dentin nerves [5, 6] . Other hypotheses consider that nerve endings or nociceptors located in the dentin could respond directly to external stimuli or that odontoblasts act as receptors, generating nerve impulses when depolarized by chemical or electrical action [2, 7] .
Based on these hypotheses, the treatment of dentinal hypersensitivity can be accomplished by regulating nerve transmission or by the obliteration of open and exposed dentinal tubules [2, 7] through the application of toothpastes with specific active ingredients in their formulations [2, 7] .
In the selection of substances, potassium salts act on the regulation of nerve transmission through the release of potassium ions in the extracellular medium, which upon reaching a concentration higher than the physiological concentration begin to induce depolarization of nerve cells, making the nerve unable to respond to the excitatory stimuli. Strontium chloride and stannous fluoride act on mechanical occlusion by the deposition and precipitation of compounds in the dentinal tubules, while substances such as arginine and active bioglasses act on the mechanical blockage of the tubules by the formation and deposition of natural minerals [7] .
Despite being an aminoacid found in saliva, arginine, when administered in combination with calcium carbonate in the form of a prophylactic paste, potentiates its natural action mechanism, facilitating the sealing of exposed dentinal tubules by depositing material similar to dentin, producing immediate and lasting desensitization [8, 9] . Among the active bioglasses, Biosilicate®, which by nature is an osteoconductive material, can bind chemically to the dentin surface and obliterate the tubules, preventing the movement of fluid within them and thus eliminating the cause of pain [10] . In this case, chemical bonding occurs by the formation of hydroxycarbonate apatite on the dentin surface, resulting in a longer lasting interaction with dental tissue [10] .
Despite not being very soluble in aqueous media and presenting some resistance to acid, both arginine and bioglass, when applied to exposed dentin, may interfere with the bond strength of dentin adhesive systems. Therefore, the objective of this study was to evaluate, using a microshear assay, the bond strength of a nanoparticle resin composite and dentin previously treated with a solution of active bioglass (Biosilicate®) or paste with arginine. Both conventional three-step adhesives and two-step self-etching adhesives were included in the study.
Methods
After approval of the study by the Research Ethics Committee, forty-eight healthy third molars without fracture lines, caries or malformation were selected. These were cleaned and disinfected in a 0.5% chloramine solution for seven days (4°C) and then stored in distilled water (4°C) until use.
The tooth roots were sectioned at the height of the cementoenamel junction with a diamond disc (Extec 12205, Extec Corp., Enfield, USA) under refrigeration, and the coronal portion was mesiodistally medially split according to the long axis of the tooth. Each coronary section was embedded in a section of a PVC tube with colorless chemically activated acrylic resin (Jet -Artigos Odontológicos Clássico LTDA, Campo Limpo Paulista -São Paulo, Brazil), keeping the exposed enamel surface parallel to the horizontal plane. The surface was abraded with a silicon carbide sandpaper disk (3 M Brazil) coupled to a polisher (Arotec Ind. Com. S. A., Rio de Janeiro, Brazil) under constant cooling to expose a dentin surface of medium depth. The teeth were stored in artificial saliva for 24 hours at 37°C and randomly divided into 6 groups based on the desensitizing agents and adhesive systems used ( Table 1) .
As shown in the flowchart (Additional file 1: Table S1 ), after dentin exposure, two groups received the application of adhesive systems (controls -CV); two groups received the prior application of an arginine-based desensitizing agent (AR) using an impregnated rubber cup for 3 seconds, removing the excess with deionized water and reapplying the agent; and two groups received the prior application of 10% Biosilicate® solution (BG), which was rubbed in two 30 second stages with an interval of 3 minutes. Three transparent cylindrical matrices (Tygon Tube, Norton Performance Plastic Co, Cleveland OH, USA) were then positioned on the dentin surface after hybridization, and filled with composite resin (Filtek Z350 XT -3 M-ESPE, St Paul, USA), based on the literature [11] . After composite resin polymerization using a halogen light apparatus The surfaces of the specimens were examined under a microscope with 40X magnification to determine the fracture pattern, which was classified as adhesive, cohesive in dentin, cohesive in resin or mixed.
Results
Regarding the application of adhesive systems in a conventional manner or with prior application of bioglass or arginine, the statistical analysis showed no significant differences (p > 0.05) between corresponding groups. However, when comparing the same adhesive system, a significant difference (p <0.05) was found when Biosilicate® was used. Considering the three-step etch&rinse adhesive groups, mean shear force was higher for SBBG compared to SBCV and SBAR which were similar to each other. Considering the two-step self-etch adhesive groups, mean shear force was higher for CFBG compared to CFCV and CFAR which were similar to each other (Table 2) .
Regarding the fracture pattern, there was a predominance of mixed type in all groups except the CFCV group, where adhesive fracture was the most frequent. Observing the fracture pattern between the groups with conventional use and when bioglass was applied, there was an increase in cohesive fractures in dentin (Figure 1 ).
Discussion
The adhesion of restorative materials to dentin is a challenge due to the characteristic moisture of dentin [12] . In addition to this moisture, the presence of components extrinsic to dentin composition can alter the bond between dentin and restorative materials, as occurs between the materials used in the treatment of dentin hypersensitivity and adhesive systems [13] [14] [15] [16] .
Despite the limitations of in vitro studies, this study aimed to evaluate the effect of two substances indicated in the treatment of dentin hypersensitivity. These substances promote the occlusion of dentinal tubules through chemical reaction, rather than by the mechanical deposition of particles, as proposed by most treatments. For this purpose, a solution of bioglass (Biosilicate®) and an arginine-based paste (Sensitive Pro-Relief) were included in the study. Bioglasses are classified as bioactive materials because they are able to adhere to living tissue, a process established by means of chemical bonds in the interface of the material with the tissue, resulting in the formation of a layer of hydroxycarbonate apatite that is structurally similar to the hydroxyapatite found in bone tissue [17] . Based on the description of the bonding mechanism between bioglass and bone tissue [17] and considering its similarity to dentin, the possibility of adhesion between bioglass and dentin has been demonstrated by means of microscopic and chemical analysis of dentin after its exposure to bioglass [12] .
From this perspective, a derivative of the original bioglass (45S6) was indicated for the treatment of dentinal hypersensitivity. It was found that when applied in aqueous solution or incorporated into a dentifrice (7.5%), pain relief was provided by the rapid formation of a hydroxycarbonate apatite layer on the dentin surface, which was responsible for a decrease in intratubular liquid flow [10] .
Biosilicate® is among the derivatives of bioglasses with the original formulation (Na 2 -CaO-SiO 2 -P 2 O 5 ), but it also contains Li 2 O and K 2 O [18] , and in nanoparticulate form (0.1 to 10 μm) in 10% solution, it was found to promote the obliteration of dentinal tubules when in contact with dentin for 24 hours [19] . Microscopic and spectrophotometric analysis suggested the formation of an adhesive layer of hydroxyapatite on the dentin surface that is hypothetically responsible for the permanent obliteration of dentinal tubules [20] .
Under conditions similar to the present study, it has been observed that rubbing a Biosilicate® solution (0.5 g in distilled water in a 3:1 ratio) for 10 seconds on bovine dentin prior to the application of a conventional adhesive and a self-etching adhesive improved the bond strength values [20] .
Statistically, resistance increased significantly only when Biosilicate® was associated with self-etching adhesive, although it is suggested that this result may have been due to the presence of phosphate methacrylates that favored hydrolytic stability of the system over the period tested [20] . In contrast to expectations, the use of Biosilicate® did not reduce conducted light, which could impede penetration of the adhesive system, even with the use of phosphoric acid in the conventional system [20] . In contrast, this study found a significant increase in bond strength resulting from the application of Biosilicate® prior to conventional adhesive and self-etching adhesive. This result suggests that bonding between the substrates was facilitated by the probable formation of the hydroxycarbonate apatite layer and not just by the presence of specific adhesive monomers.
It is important to consider that the concentration and time of application adopted for the Biosillicate® solution in this study most likely facilitated the initial reaction with dentin. In addition to the chemical interaction between the substrates through the formation of apatite, the phenomenon may have created a mechanical interaction between the bioglass and dentin particles, increasing adhesion between the substrates [12] . Therefore, there may have been not only a micromechanical interaction between the decalcified dentin substrate and adhesive system but also a micromechanical interaction between Biosilicate® particles that had already reacted with the dentin substrate and the polymerized adhesive system, enhancing adherence. Thus, particle size may have been a facilitating aspect for the penetration of Biosilicate® into the dentinal tubules, rather than the reverse [20] .
In the case of positively charged arginine, it has been found that when incorporated into a dentifrice, it tends to bind to the exposed surface of dentin and negatively charged dentinal tubules, triggering the deposition of calcium phosphate, which adheres to the dentin substrate, obliterating the tubules by forming a protective layer of calcium and phosphate salivary glycoproteins [21] . In this study, assuming that calcium phosphate deposition occurred in the manner described, there was no significant loss in bond strength in the two adhesive systems used, as the strategy of conventional adhesion of the adhesives tested is basically dependent on mechanical imbrications [22] [23] [24] .
Comparatively, the presence of Biosilicate® and arginine did not negatively affect adhesion on the dentin, an opposite situation to other desensitizing agents tested, where the presence of glutaraldehyde [23] , fluorine or calcium oxalate [24] and the characteristic acidity of some products decreased the bond strength of the adhesive systems tested [15] .
Considering the fracture pattern described in the present study, predominant adhesive fracture in CFCV group could be influenced by the smaller thickness of the hybrid layer [25] when compared to SBCV group, where mixed fracture type was the most frequent. Observing the fracture pattern between the groups with conventional use and when bioglass was applied, there was an increase in cohesive fractures in dentin, probably due to the presence of chemical bonding by the formation of hydroxycarbonate apatite on the dentin surface [10] combined to a micromechanical interaction with tooth tissue improving bonding performance [12] .
Although there is no ideal material that permanently occludes dentinal tubules [10] , both arginine and Biosilicate® are good alternatives in this respect. Despite the limitations of this study, it demonstrated that arginine has no negative effect on the bond strength of adhesive systems tested, corroborating previous results [26] [27] [28] , while bioglass may improve the action of adhesive systems. Given the benefits that the use of Biosilicate® can provide with regard to the adhesion of adhesive systems, more studies to adjust the concentration and duration of use for effective clinical indication or to analyze it as a potential component of adhesive systems are necessary.
Conclusion
It is concluded that arginine did not interfere with the bond strength with dentin, while the use of Biosilicate® tended to strengthen the bond between dentin and the adhesive systems used.
